Introduction
In the last decade, many randomized trials have investigated the safety and efficacy of hypofractionation for adjuvant whole-breast irradiation in light of the greater treatment time convenience 1 and the unchanged results in local control in comparison with the conventional fractionation. 2 A systematic review and meta-analysis comparing hypofractionated radiotherapy with conventional radiotherapy has confirmed no significant difference between the two arms in locoregional recurrence, overall survival, late normal tissue toxicity, and cosmetic outcome. 3 Furthermore, another review and meta-analysis on randomized controlled trials recommends moderately hypofractionated radiotherapy as a standard adjuvant treatment in the majority of patients with breast cancer. 4 The well-known moderately and gentler randomized hypofractionated radiotherapy schedule proposed by the Ontario Canadian Trial 5 has clearly shown at 5-10 years a good local control (locoregional recurrence 3.0% vs 2.8%) and a good cosmetic outcome (breast appearance 77% vs 77%) of the experimental hypofractionated arm, 6 leading to its approval in the clinical practice. Hypofractionated radiotherapy is supported by radiobiological principles according to a linear-quadratic model for different α/β ratios of breast cancers, normal breast tissue, and surrounding organ at risk. 7 Because it is delivered with larger daily fractions, there are clinical and dosimetric concerns about the effects of hotspots on fraction sizes, dose heterogeneity, and breast volume sizes as questioned by Yarnold et al 8 in a critical review. The American Society for Radiation Oncology (ASTRO) guidelines in 2011 have also aimed to answer these questions with meticulous care to optimize dose homogeneity within the target volume using three-dimensional (3D) conformal hypofractionated radiotherapy. 9 In fact, the Ontario Canadian Trial provides data concerning a two-dimensional (2D) radiotherapy technique used upon a well selected population in which few patients have been treated with chemotherapy and large-breasted women have been excluded to prevent dose target heterogeneity, 6 so no more information regarding the impact of these factors on toxicity and cosmetic outcome is available to be applied on a hypofractionated whole-breast 3D conformal radiotherapy (HF-WB 3D-CRT).
This retrospective study aimed to analyze the correlation of dosimetric and clinical parameters with cosmesis and late toxicity in patients treated with HF-WB 3D-CRT according to the randomized Ontario Canadian Trial.
Materials and methods characteristics of patients and data collection
From 2004 to 2011, 215 consecutive patients were recruited for HF-WB 3D-CRT according to these primary inclusion criteria: 1) postmenopausal age 60 years; 2) pathological stage pT1-T2 pN0 M0 invasive breast cancer according to the American Joint Committee on Cancer and Union for International Cancer Control; and 3) quadrantectomy and axillary clearance or sentinel node sampling. The use of adjuvant chemotherapy or hormone therapy was permitted according to the recent clinical guidelines in all the patients as shown in Table 1 . Unlike the Ontario Canadian Trial, the breast diameter (BD) as the breast width exceeding 25 cm at the posterior border of the medial and lateral tangential beams was not considered as an exclusion criterion. A written informed consent to the treatment and analysis of the data was provided by all the patients for this study. The ethical approval was obtained from the Perrino Hospital of Brindisi Ethic Committee for this study.
radiation treatment
Hypofractionation was delivered to all the 215 eligible patients. The patients were treated with 3D-CRT planned with Masterplan Treatment Planning ® (Nucletron version 1, Elekta, Crawley, UK). The planning computed tomography (CT) scan had a slice thickness of 5 mm on chest starting from cricoid to diaphragm; all the patients were treated in supine position on an immobilization device with shoulder inclination and both arms above the head. The clinical target volume (CTV) consisting of the whole remaining breast volume was defined as the palpable breast included in a tangential field, excluding the deep structures. The planning target volume (PTV) of breast consisted of CTV expanded by a margin of 1 cm below and over the palpable breast for breathing motion and treatment setup and 0.5 cm under the skin line and over the rib as seen on the CT images. The whole breast was treated using -2-4 opposed tangential multileaf collimator customized fields-in-fields technique and 6-10 MV photon beams, depending on the breast size and PTV breast (PTVbr) coverage. The prescribed dose (PD) was 42.56 Gy in 16 fractions (266 cGy/fr, 5 fr/week), and no boost was added. The dose was prescribed to the International Commission on Radiation Units & Measurements (ICRU) reference point according to the ICRU-PTV constraints. For this analysis, the following dosimetric parameters were identified: PTVbr as the residual breast with margin expansions as before, V110 as the percentage of the PTVbr receiving 10% of PD, PTV (cc) including the mean-cc breast volume calculated in the dose-volume histogram (DVH) table, and BD as the breast width at the posterior border of the medial and lateral tangential beams measured on the isocenter CT slice. For each patient, DVHs for PTVbr and organ at risks were obtained. All patients were treated with an Elekta Precise ® accelerator (Elekta). Follow-up, cosmesis, and late toxicity assessment
The follow-up consisted of clinical evaluation and pictures taken every 3 months after radiotherapy during the first year, every 6 months for the following 3 years, and then yearly. Cosmesis and late toxicity of the treated breast were compared with those the untreated breast. In conformity with the Ontario Canadian Trial, cosmesis was graded according to the European Organisation for Research and Treatment of Cancer (EORTC) cosmetic rating system, 11 and late skin toxicity was evaluated by a physician and a nurse according to the Radiation Therapy Oncology Group/EORTC scale (Version 2). 12 At the baseline, for each patient, a surgical cosmesis score was obtained by applying the cosmetic scoring criteria, good or poor, by Taylor in 1995. 13 
statistical analysis
The χ 2 and paired t-tests were used to evaluate the correlation between late skin toxicity and cosmetic outcome with dosimetric parameters so identified by PTVbr, V110, BD more or less 25 cm on the isocenter CT slice, and clinical information such as chemotherapy and surgery score. The multivariate analysis was performed with the aim to independently predict the impact of dosimetric and clinical parameters on late toxicity and cosmesis using Pearson's covariance correlation test. The statistical significance was assumed at P0.05; data were processed using the SPSS Version 2.1 (SPSS Inc., Chicago, IL, USA) by normal license.
Results
For late toxicity and cosmesis, 6-year median follow-up data from all the 215 patients were collected; patient characteristics and details are shown in Table 1 . Skin late toxicity was recorded in 47 patients (22%); grade 3 (G3) toxicity occurred in 11 patients (5%). Cosmesis with excellent-good score resulted in 172 patients (80%) while fair-poor score in 43 patients (20%) as in Table 2 . To identify the role of dosimetric parameters, BD was calculated retrospectively, and the plan was analyzed with respective DVH among patients who developed toxicity and who did not calculate the effect of V110 with the NTCP model by Lyman dose-volume plot for late normal tissue.
Considering for 266 cGy ×16 fraction, the EQD2 3.4 is 47.8 Gy and biologically effective dose (BED) is 75.9 Gy; with 10% hotspots, the result is 290 cGy ×16 fraction with EQD2 3. 
On the plot for NTCP and percentage of PTVbr for EQD2 3.4 in the cases of hotspots of 10% and 20%, respectively, a high value of NTCP was obtained for hotspot of 10% given to more than 10% of the PTVbr (Figure 1 ). For patients who developed toxicity or worse cosmetic hotspots 110% (110%-113%) to a mean 13% (10%-15%) of PTVbr were observed.
Univariate analysis
Late toxicity correlated with V110 10% of the PTVbr significantly (P0.005, odds ratio (OR) 9.60 [confidence interval (CI) 3.89-23.72]); for PTVbr, there was a statistical relation of PTVbr 1,300 cc and toxicity (P0.003, OR 16.67 Table 4 .
Multivariate analysis
Pearson's covariance correlation test confirmed the significant relation of toxicity and cosmesis with PTVbr, V110, and surgery. Moreover, a weak correlation was found between diameter and cosmesis as shown in Table 5 and Figure 2 .
Discussion
The results of randomized trials comparing the conventional and modestly hypofractionated whole-breast radiotherapy Figure 1 The nTcP model for late tissue predicts the double-trouble (according to higher fraction size) and triple-trouble (according to high total dose) effects for hotspots 10% of PD (blue dotted line) and for hotspots 20% of PD (pink dotted line). *The formula refers to lyman's model 18 but the original data from this study has been applied. Abbreviations: nTcP, normal tissue complication probability; PD, prescribed dose; PTV, planning target volume; BeD, biologically effective dose. Notes: Toxicity g1/g2 =0 and g3 =1; cosmesis good =0 and fair =1; PTV 1,300 cc =0 and PTV 1,300 cc =1; V110 10% =0 and V110 10% =1; BD 25 cm =0 and BD 25 cm =1; surgery good =0 and poor =1; cT =1 and no cT =0. Abbreviations: cosmesis, excellent/good/fair/poor; cT, chemotherapy; BD, breast diameter as the breast width exceeding 25 cm at the posterior border of the medial and lateral tangential beams; g, grade; PTV, planning target volume; surgery, good or poor by Taylor; V110, volume of the PTV breast taking 110% of the prescribed dose.
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hypofractionated whole-breast 3D conformal radiotherapy 
Notes:
Toxicity g1/g2 =0 and g3 =1; cosmesis good =0 and fair =1; PTV 1,300 cc =0 and PTV 1,300 cc =1; V110 10% =0 and V110 10% =1; BD 25 cm =0 BD 25 cm =1; surgery good =0 and poor =1; cT =1 and no cT =0). **A very high value of Pearson's correlation number confirmed in the double tail test. Abbreviations: BD, breast diameter as the breast width exceeding 25 cm at the posterior border of the medial and lateral tangential beams; cosmesis, excellent/good/ fair/poor; cT, chemotherapy; g, grade; PTV, planning target volume; surgery, good or poor by Taylor; V110, volume of the PTV breast taking 110% of the prescribed dose; P, statistical significance; R, correlation number. schedules have not shown differences in treatment safety, effectiveness, and cosmetic outcomes at a median follow-up of 5-10 years. Hypofractionation was found to be more convenient for patients and less expensive for physicians as emphasized in a recent review. 14 Long-term results of the Ontario Canadian Trial have clearly demonstrated that the hypofractionated 266 cGy/fr ×16 schedule is not inferior to standard fractionation in terms of efficacy and safety. On the basis of these findings, data of the Ontario Canadian Trial with a 5-year follow-up reported in the experimental arm that 79% of the patients showed an excellent-good cosmetic outcome and a value of G2-G3 skin toxicity 4%.
5 Furthermore results with a median follow-up of 12 years confirmed no significant difference between hypofractionation and standard fractionation in terms of local control, cosmetics, and late toxicity so that this schedule has been defined gentler 6 But some criticisms have been moved because these results should have to be assessed also in a HF-WB 3D-CRT, which is nowadays a standard and adopted practice worldwide. 15 According to a wide variety of hypofractionated schedules from randomized and not randomized trials including or not a boost, 16 no homogeneous data regarding 3D dosimetry are available in the literature so the dosimetric parameters predictive for late toxicity and cosmetic outcome are still under investigation for each schedule. The presence of these biases has limited the widespread use of hypofractionation as a standard clinical practice so that the ASTRO consensus guidelines 2011 recommend hypofractionated whole-breast irradiation to patients older than 50 years, without chemotherapy and the maximum dose should not be 107% of PD in the central axis plane encouraging the use of 3D planning to optimize treatment and resolve some dosimetric issues. 9 In regard to the Ontario Canadian Trial, which was the treatment scheme of this retrospective analysis, all patients received a 2D radiotherapy technique, and only 10.9% of patients had adjuvant systemic therapy. The only dosimetric parameter to exclude patients from the trial was a BD 25 cm at the posterior border of the medial and lateral tangential beams because it might influence dose inhomogeneity on a 2D radiation plan. Furthermore, in the results, the predictive factors of cosmetic outcome were age 50 years and time of randomization, which were the only features able to influence the results according to the follow-up time span. 6 Radiobiological principles regulate hypofractionated radiotherapy that is delivered with larger daily fraction size in a shorter treatment time. 17, 18 It is widely accepted that the hotspots in large-sized fractions increase the dose/fraction and the total dose, leading to the so-called double-trouble and triple-trouble effects that could affect the tissues' tolerance and the therapeutic benefit. 19, 20 In fact, in a recent review, Yarnold et al 8 questioned about the role of hotspots in hypofractionation and in the volume-receiving hotspots for the risk of late normal tissue complications. The linearquadratic model and NTCP proposed by Lyman are useful tools to calculate the biological equivalent dose, taking into account the larger dose/fraction and the risk of toxicity in the dose/volume ratio in 3D planning. 21, 22 Plotting the data of the total dose by hotspots of 10% and 20%, a dose over 10% of the PD to more than 10% of the PTVbr (V110 10%) was found to be a predictive parameter of breast damage, and it was confirmed by the G3 toxicity and worse cosmesis in the results. On the other hand, many clinical trials have been developed in Europe, Canada, and the USA assessing the effectiveness and safety of different fraction sizes and schedules with modern radiation techniques, so no homogeneous dosimetric constraints have been developed to fit every hypofractionation schedule and no consensus on hotspots/volume or breast size to be treated has been defined. For example, Ciammella et al, 23 in a report on hypofractionated whole-breast radiotherapy (40.05 Gy in 15 daily fractions, 2.67 Gy/fraction with boost), identified V104 and V107 as factors related to chronic subcutaneous toxicity while the breast volume was related with fair-poor results. The impact of BD like a breast size surrogate is still controversial because many trials have excluded from hypofractionation large-breasted women while several other trials have treated these patients without providing clear information about their toxicity and cosmetic outcome. Moreover, there is not a standard criterion to define the optimal size of "large breast," which depends on multiple factors such as the position and inclination degree of the chest, the use of an immobilizing device, and the interobserver contouring operator variability. These biases may bring many discrepancies between toxicity and cosmetic outcomes among both obese, large-breasted and normal-breasted women recruited in the trials. 24, 25 Most recently, in a preliminary report by the Danish Breast Cancer Cooperative Group (DBCG) HYPO trial, the authors found the breast volume over 600 cc as a predictive factor for breast induration. 26 Tortorelli 27 suggested that acute skin reaction was correlated with the amount of volume receiving 107%, but no information on late reaction is provided. In accordance to this report, Chen et al 28 pointed out that the larger volume receiving 53.9 Gy has been a significant predictor of radiation-induced skin toxicity. Moreover, Goldsmith et al 29 concluded that large-breasted women were more likely to suffer change in breast size and shape after hypofractionated whole-breast 3D radiotherapy, perhaps the dose inhomogeneity was not enough to explain this association. Deantonio et al 30 on a hypofractionated wholebreast study (45 Gy in 20 fractions, 2.25 Gy/fr and 9 Gy boost) reported that breast volume increased the hazard of late toxicity over time (hazard ratio =1.27, 95% CI =1.04-1.55, and P=0.016) when analyzed with Cox's proportional hazards regression model. Despite these discrepancies, Tsang et al 31 in a report on hypofractionated UK FAST trials showed that the dose heterogeneity does not impact on the risk of 2-year change photographic breast appearance after hypofractionation so in the START A and B Trial large breast volume is not considered an exclusion criterion for hypofractionation because the lower limit of the α/β ratio for adverse effects regarding breast appearance was 2.0 Gy. 31 Anyway, a modern 
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hypofractionated whole-breast 3D conformal radiotherapy technique such as intensity-modulated radiation therapy seems to solve overdoses in large breasts as reported by Hannan et al. 32 In our study, there was no significant correlation between BD (as surrogate of dose heterogeneity) with late toxicity and cosmesis although a PTVbr over 1,300 cc significantly correlated with greater toxicity as seen in the univariate and multivariate analyses. In regard to the role of adjuvant chemotherapy in breast cancer, the DBCG-82TM protocol 33 and a multivariate analysis by Recht 34 have reported a negative impact of chemotherapy on cosmetic outcome and late normal tissue reactions after standard whole-breast radiotherapy but no many data are available with hypofractionation trials. In fact, ~1,600 patients have received adjuvant chemotherapy and only 10.9% of the recruited patients in the Ontario Canadian Trial. Moreover, the subgroup analysis of this trial has shown similar toxicity regardless of estrogen receptors and chemotherapy. 6 Anyway, most recently, Hijal et al 35 observed no late adverse effects of chemotherapy in combination with hypofractionated wholebreast radiotherapy as we found in our analysis.
At least in the Ontario Canadian Trial, significant predictive factors of negative cosmetic outcome were age 50 years and time from randomization (P0.001). In our clinical practice, postmenopausal women over 60 years were recruited to avoid age-related bias.
Another question is the time span of follow-up to validate the role of the reported results. In fact, there are some critical questions regarding the impact of the entire life span of follow-up on normal tissue toxicity and cosmetic outcome in hypofractionation at the time of reporting data, because late-responding tissues need more time to develop definitive effects.
Curran et al 36 reported that cosmesis after breast-conserving therapy worsened in patients with a follow-up longer than 5 years. Ciammella et al 23 reported an overall low risk of late skin toxicity in patients with a median follow-up of 34 months. In our study, the data are lasting from a median follow-up of 60 months and probably a longer follow-up time could modify the results. Anyway, other authors did not show any difference between 5-year and 10-year late adverse effects. 15 On the other hand, in the Ontario Canadian Trial, data at 5 years of follow-up showed in the experimental arm a 79% for the excellent-good cosmetic outcome and a G2-G3 skin and subcutaneous morbidity score less than 4%. In our experience at a median follow-up of 60 months, results of good cosmesis have been recorded in 80% of patients while G3 skin toxicity has been nearly 5% in comparison to 4% of the Canadian experience.
Conclusion
Hypofractionated radiotherapy is more convenient and preferred by patients and physicians and has been associated with more prompt recovery and improved quality of life than longer radiotherapy courses. 3 In answer to some reasonable criticisms moved before, 8 the results of this retrospective study using the Canadian hypofractionated whole-breast adjuvant conformal 3D radiotherapy in our clinical practice for postmenopausal early breast cancer patients pointed out the role of dosimetric parameters rather than clinical factors in probability of breast complications and worse cosmetic outcomes. In fact, the NTCP model has been a useful tool able to find a dosimetric parameter (V110 10% of PTVbr), which predicts good cosmesis and safety on normal tissue reaction. Thus, it can be used to select patients eligible for hypofractionation. The issue of breast size being measured in volume over 1,300 cc rather than the 25 cm cut-off for BD has been an adjunctive factor impacting on cosmesis and breast late damage, showing an important predictive role. The evaluation of these parameters in routine clinical practice could allow the establishment of a gentler and safe hypofractionated regimen. A longer follow-up time is needed to validate the results.
